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will die of it.1 The incidence of colon cancer is on the rise and 
is associated with risk factors such as increasing obesity and 
westernization of diet characterized by a high fat diet, increased 
red meat consumption, and low fiber.2 Because most colon 
cancer develops in an adenoma-carcinoma sequence,3 remov-
al of premalignant adenomas is recommended.4,5
According to the results of the National Polyp Study (NPS) 
conducted in the United States, the achievement of an adeno-
ma-free colon (or clean colon) suppressed the disease rate of 
colon cancer by 76% to 90%6 and also prevented mortality in 
53% of cases.7 However, the results from the NPS were based 
on the presupposition that all adenomatous lesions were re-
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Background/Aims: There are few prospective studies on cold forceps polypectomy (CFP) using jumbo cup forceps. Therefore, 
we examined patients with diminutive polyps (5 mm or smaller) treated with CFP using jumbo cup forceps to achieve an ade-
noma-free colon and also assessed the safety of the procedure and the recurrence rate of missed or residual polyp after CFP by 
performing follow-up colonoscopy 1 year later. Methods: We included patients with up to 5 adenomas removed at initial colo-
noscopy and analyzed data from a total of 361 patients with 573 adenomas. One-year follow-up colonoscopy was performed in 
165 patients, at which 251 lesions were confirmed. Results: The one-bite resection rate with CFP was highest for lesions 3 mm 
or smaller and decreased significantly with increasing lesion size. Post-procedural hemorrhage was observed in 1 of 573 lesions 
(0.17%). No perforation was noted. The definite recurrence rate was 0.8% (2/251 lesions). The probable recurrence rate, which 
was defined as recurrence in the same colorectal segment, was 17%. Adenoma-free colon was achieved in 55% of patients at 
initial resection. Multivariate analysis revealed that achievement of an adenoma-free colon was significantly associated with 
number of adenomas and years of endoscopic experience. Conclusions: CFP using jumbo biopsy forceps was safe and showed 
a high one-bite resection rate for diminutive lesions of 3 mm or smaller. The low definite recurrence rate confirms the reliability 
of CFP using jumbo biopsy forceps. Number of adenomas and years of endoscopic experience were key factors in achieving an 
adenoma-free colon. (Intest Res 2019;17:265-272 )
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Colorectal cancer is the 3rd most common cancer in men 
(746,000 cases,10.0% of the total) and the 2nd most common 
cancer in women (614,000 cases, 9.2% of the total) worldwide, 
and approximately half of all patients with colorectal cancer 
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moved. In contrast, the Japanese Guidelines for Treatment of 
Polyps 2014 state that observation is acceptable for the treat-
ment of small adenomas measuring 5 mm or less, and man-
agement differs depending on the endoscopist or patient back-
ground. 
Most lesions found on screening colonoscopy are small pol-
yps measuring less than 1 cm, and polyps measuring 5 mm or 
less, which are defined as diminutive polyps,8 make up the 
majority of these lesions9 and most of them are adenomas.8,10 
According to the results of initial total colonoscopy in the Ja-
pan Polyp Study, from a total 5,168 lesions smaller than 10 mm, 
3,827 were diminutive polyps, of which 98.9% were showed mild 
to moderate atypia.11 Cancer was very rare, with incidence 
rates of 0.2% for intraepithelial carcinoma and 0.03% for carci-
noma involving the submucosa.11 Although microadenoma 
can be followed up without being removed because of its low 
malignant potential, endoscopic polypectomy may be per-
formed, given the evidence obtained from the NPS study,6 low 
compliance with follow-up colonoscopy,12 and inadequate 
consensus about duration of the interval until follow-up colo-
noscopy when the microadenoma is not removed. 
Regarding the removal of diminutive polyps, Uraoka et al.13 
reported a multicenter prospective study on cold forceps pol-
ypectomy (CFP) using jumbo cup forceps for 223 consecutive 
lesions smaller than 5 mm. Based on magnifying narrow band 
imaging (NBI), the overall one-bite polypectomy rate was 85%. 
By polyp diameter, the one-bite polypectomy rate was 100%, 
96%, 88%, and 70% for lesions up to 2, 3, 4, and 5 mm in diam-
eter, respectively.13 Despite the decrease to 70% at 5 mm com-
plete resection could be achieved with 1 additional bite im-
mediately afterward.13 No significant differences were found 
in the one-bite rate based on macroscopic type between flat 
and polypoid lesions. Also, there were no adverse complica-
tions such as post polypectomy bleeding or perforation.13 In 
addition, Kim et al.14 reported favorable results with a total 
polyp removal rate of 92% with CFP using biopsy forceps of 
standard capacity. These studies indicate that CFP is a simple 
and safe technique that can also retrieve all resected speci-
mens for histological assessment.
Most reported studies of CFP have used standard capacity 
forceps rather than jumbo cup forceps. In this study, we pro-
spectively enrolled patients with diminutive polyps for treat-
ment with CFP using jumbo cup forceps to achieve an adeno-
ma-free colon and assessed the safety of the procedure and 
the recurrence rate of missed or residual polyps after CFP by 
performing follow-up colonoscopy 1 year later. 
METHODS
1. Patients and Study Protocol
From June 2015 to December 2017, CFP was performed for 
sessile and semi-pedunculated colon adenomas 5 mm or small-
er at Shiga University of Medical Science Hospital. Study par-
ticipants were 390 patients with 876 resected adenomas. We 
included patients who had up to 5 adenomas removed at the 
initial colonoscopy. After excluding 29 patients with familial 
adenomatous polyposis, hyperplastic polyps or sessile serrat-
ed polyp/adenoma, or 6 or more adenomas (Fig. 1), we ana-
lyzed data from 361 patients with 573 adenomas diagnosed 
on pathological examination and from 165 patients with 251 
adenomas at the 1-year follow-up colonoscopy (Fig. 1). 
Removal was determined based on magnifying NBI imag-
ing along with observation of the resection site during the 1-year 
follow-up colonoscopy. For patients on antithrombotic thera-
py, CFP was performed based on the Japanese guidelines pub-
lished by the Japan Gastroenterological Endoscopy Society.15 
The bleeding risk of CFP was not determined in the guidelines. 
For endoscopic mucosal biopsy, withdrawal of aspirin, non-
aspirin antiplatelet agents or anticoagulants is not required 
when the patient is on antithrombotic monotherapy. As for 
endoscopic mucosal resection, withdrawal of aspirin mono-
therapy is not required in patients who would be placed at 
high risk of thromboembolism by withdrawal. Basically, we 
Fig. 1. Flowchart of the study participants. SSA/P, sessile serrated 
adenoma/polyp; CFP, cold forceps polypectomy.
Study participants
Analyzed for initial CFP
One year interval





196 Patients: no follow-up study
      53 Missed follow up colonoscopy




(251 lesions were confirmed for recurrence)
  1  Familial adenomatous polyposis
17  Hyperplastic polyp or SSA/P
11  ≥6 Adenomas
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continued antithrombotic monotherapy for CFP. 
The study was approved by the Ethics Committee of the Shi-
ga University of Medical Science (approval number: 26-206). 
Informed consent for CFP was obtained at the time of consent 
for the colonoscopy and patients were accumulated prospec-
tively.
2. Definitions
The main outcome of the study was to elucidate the recurrence 
rate of adenoma after CFP at 1 year. Definite recurrence was 
defined as (1) when a recurrent polyp was detected at the scar 
of the previous CFP in the same colorectal segment and/or 
(2) when a recurrent polyp was considered to occupy exactly 
the same site as a previous polyp by virtue of its relationship to 
obvious landmarks such as the appendiceal orifice and ileoce-
cal valve.16 Probable recurrence was defined as recurrence in 
the same colorectal segment. We evaluated secondary out-
comes including one-bite polypectomy rate based on adeno-
ma diameter and factors associated with achievement of an 
adenoma-free colon, which was defined as no adenoma found 
at the 1-year follow-up colonoscopy. We also assessed the rate 
of complications such as bleeding and perforation. Post-pol-
ypectomy bleeding was defined as bleeding requiring endo-
scopic hemostasis within 30 days of polypectomy.
3. Procedure
The following protocol was used in performing CFP. A magni-
fying colonoscope (CF-260Z or PCF-260AZI; Olympus, Tokyo, 
Japan) was used. For CFP, the Radial JawTM 4 Cold Polypecto-
my Forceps (Boston Scientific Corp., Marlborough, MA, USA) 
was used, which has a relatively large jaw outer diameter of 2.8 
mm, maximum opening of 8.8 mm, and cup volume of 12.4 
mm3 compared with standard forceps. After identification of 
the adenoma, shape, and size were determined under white 
light imaging. Lesion size was evaluated by laying the forceps 
next to it. The morphology of the polyp was described using 
Paris classification.17-19 The lesion was classified with NBI mag-
nification using Sano’s classification.20 The scope was handled 
to visualize the lesion at the 6 o’clock position of the scope im-
age, and the forceps was rotated so it could be opened hori-
zontally. To avoid perforation, the jumbo cups were opened 
just enough that the lesion would fit in the cup (half-opening). 
The adenoma with its basal mucosa was removed by fitting 
the lesion into the cup. The surrounding mucosa was cleaned 
after polyp removal and the absence of polyp remnants was 
confirmed by magnifying endoscopy with NBI, to complete 
the CFP procedure. When remnant adenoma was suspected, 
the area was further resected with the forceps to ensure there 
were no remnants. 
4. Statistical Analysis
Analysis was performed by dividing the patients into those 
who had up to 2 adenomas removed at the initial colonoscopy 
Table 1. Characteristics of the Patients and Resected Polyps
Characteristics Value
Patient 361
   Sex (male/female) 270/91
   Age at baseline colonoscopy (yr)  70 (63–75)
   Antithrombotic therapy (yes/no)     45/316
   No. of adenomas (≤2/3–5)  293/68
Polyp 573
Distribution 
   Cecum  47 (8)
   Ascending 149 (26)
   Transverse 141 (25)
   Descending  60 (10)
   Sigmoid  133 (23)
   Rectum  43 (8)
Size (mm)
   ≤3 425 (74)
   4 115 (20)
   5 33 (6)
Morphology 
   0-Is  153 (26.7)
   0-Isp 418 (73.0)
   0-Ip  2 (0.3)
Histology
   Low-grade adenoma 556 (97)
   Low- to high-grade adenoma 17 (3)
   High-grade adenoma   0 
Forceps bites 
   1 Bite 506 (88)
   2 Bites 55 (10)
   >3 Bites  8 (2)
NBI classification (Sano’s classification) 
   Type I 42 (7)
   Type II 503 (88)
   Unclassified 28 (5)
Values are presented as median (interquartile range) or number (%).
NBI, narrow band imaging.
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and those who had 3 to 5 adenomas removed. Also, the expe-
rience of the endoscopist at the time of initial colonoscopy 
was divided into 5 years or less or 6 years or more of experi-
ence. All statistical analyses were performed using Prism, ver-
sion 6.05 (GraphPad, San Diego, CA, USA). The chi-square test 
was used for categorical data analysis. Logistic regression anal-
ysis was performed to determine the factors affecting the achi-
evement of an adenoma-free colon. 
RESULTS
1. Patients Characteristics and Initial CFP Results
Table 1 shows the background and polyp characteristics of the 
patients in this study. Lesions 3 mm or smaller comprised 74% 
and were frequently noted in the ascending colon, transverse 
colon, and sigmoid colon. Also, the one-bite resection rate with 
CFP was highest for lesions 3 mm or smaller and the rate de-
creased significantly with increasing lesion size (Fig. 2). Most 
of the removed lesions were type II according to Sano’s classi-
fication. Among the polyps resected in one-bite CFP, the posi-
tive rate of resection margin and the size of polyps were 0.25% 
(1/401) for 3 mm or smaller, 1.06% (1/94) for 4 mm and 9.09% 
(2/22) for 5 mm. Including resection margin undetermined, 
the positive and undetermined rate of resection margin and 
the size of polyps were 15% (62/401) for 3 mm or smaller, 23% 
(22/94) for 4 mm and 36% (8/22) for 5 mm. Post-procedural 
hemorrhage was observed in 1 of the 573 lesions (0.17%), but 
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Fig. 3. Cases of definite recurrence. Recurrence of adenoma is noted in the same segment as the initial resection site. (A) Case 1: 72-year-
old male, Isp polyp, 5 mm in diameter was resected with one-bite cold forceps polypectomy. The pathology was low-grade adenoma. The 
resection margin was diagnosed as negative. (B) Case 2: 70-year-old male, Is polyp, 3 mm in diameter was resected with one-bite cold 
forceps polypectomy. The pathology was low-grade adenoma. The resection margin was undetermined.
Initial Follow-up
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the patient was not on antithrombotic agents. No perforation 
was noted. All tissue samples were retrieved. 
2.  Recurrence Rate of Individual Lesions (Definite 
Recurrence Rate)
Of the 573 adenomas resected at the initial colonoscopy, 251 
lesions were examined for definite recurrence at the 1-year 
follow-up. We found 2 adenomas with definite recurrence (Fig. 
3), giving a definite recurrence rate of 0.8%. 
3.  Recurrence Rate of Individual Segments (Probable 
Recurrence Rate) 
In the 165 patients (251 lesions) who underwent follow-up 
colonoscopy 1 year later, adenomatous lesions were found in 
the same segment as the initially resected segment in 17% of 
patients (28/165). Adenomatous lesions were found in a dif-
ferent segment from the initial resection segment in 44% of pa-
tients (72/165). The probable recurrence rate was 17% (42/251 
lesions).
In patients with 2 or fewer adenomas removed at initial colo-
noscopy, new lesions in the same segment were noted in 15% 
of patients (21/140) and in different segments in 39% of pa-
tients (55/140), compared with 28% (7/25) and 68% (17/25) 
in patients with 3–5 adenomas removed (Fig. 4). The rate of 
newly detected lesions in segments with adenomas found on 
initial examination was significantly lower compared with 
those found in different segments (P < 0.001 for patients with 2 
or fewer adenomas removed at initial colonoscopy, P = 0.010 
for patients with 3–5 adenomas removed, chi-square test) (Fig. 
4). Also, the rate of new lesions in different segments was sig-
nificantly lower in patients with 2 or fewer adenomas removed 
at the initial colonoscopy compared with patients with 3 to 5 
adenomas (P = 0.014, chi-square test) (Fig. 4). 
4.  Rate of Achieving an Adenoma-Free Colon and 
Related Factors
An adenoma-free colon was achieved in 55% of patients (90/ 
165) at the initial resection. Total 116 polyps were discovered 
at follow-up colonoscopy. The number and size of missed pol-
yps were 78 (67%) for 3 mm or smaller, 18 (16%) for 4 mm, 6 
(5%) for 5 mm and 14 (12%) for 6 mm or larger. The location of 
missed polyps was predominantly observed in ascending, trans-
verse and sigmoid colon (Fig. 5). Patients in whom an adeno-
ma-free colon was achieved at initial removal comprised 59% 
of patients (82/140) in the group with 2 or fewer lesions and in 
32% (8/25) of the group with 3–5 lesions; higher rates of achiev-
ing an adenoma-free colon were seen in the group with 2 or 
fewer lesions (P = 0.025, chi-square test). Multivariate logistic 
regression analysis to elucidate factors predicting an adeno-
ma-free colon revealed that achievement of an adenoma-free 
colon was significantly related to number of adenomas and 
years of endoscopic experience (Table 2).
Fig. 5. Percentage of missed polyps in each segment at 1-year 
follow-up colonoscopy. C, cecum; A, ascending colon; T, trans-
verse colon; D, descending colon; S, sigmoid colon; R, rectum.
Missed polyp (%) 
0 20 40 60 80 100
     
  C (11) A (22) T (23) D (11) S (28) R (5)
Fig. 4. Percentage of new lesions found at 1-year follow-up colo-
noscopy in the same segment as the original adenoma resection 
site at initial colonoscopy or in a different segment. Segments la-
beled in black represent the number of patients (with definite or 
probable recurrence) with a noted adenomatous lesion at the 
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DISCUSSION
Our results show that CFP using jumbo biopsy forceps is a safe 
procedure and is indicated for removing diminutive polyps 3 
mm or smaller. The definite recurrence rate was as low as 0.8%. 
Thus, CFP is an effective procedure to achieve an adenoma-
free colon. We also found that the number of adenomas at ini-
tial colonoscopy and years of endoscopic experience were sig-
nificantly related to the achievement of an adenoma-free colon. 
Most existing reports of CFP describe the use of standard 
capacity forceps with a maximum opening width of 7.3 mm or 
large capacity forceps with an opening width of 8.4 mm. How-
ever, there are few reports on the use of jumbo cups with a 
maximum opening width of 8.8 mm, as used in the present 
study. Aslan et al.21 and Draganov et al.22 conducted compara-
tive studies of CFP using standard capacity forceps or large 
capacity forceps versus jumbo cup forceps and reported a sig-
nificantly higher one-bite resection rate with the jumbo cup. 
In our study, the definite recurrence rate was 0.8%. Lee et al.23 
used standard capacity forceps and reported a relatively high 
definite recurrence rate of 4%. The difference may reflect not 
only the size of the biopsy forceps used, but also that 25% of 
our patients had polyps more than 3 mm in diameter compared 
with 47.5% of patients in Lee et al.23
One-year follow-up colonoscopy revealed newly detected 
lesions that included lesions missed at initial colonoscopy in 
45% of patients. In reports by Winawer et al.,6 Hirata et al.,24 and 
Rex et al.,25 the percentage of new lesions noted after initial to-
tal colonoscopy was reported to be 40%–50%, which is com-
parable with our results. Repeat colonoscopy significantly re-
duces the number of missed lesions.24 Therefore, performing 
annual colonoscopy at least twice after polypectomy may min-
imize the incidence of missed lesions.24 Furthermore, location 
of the polyp is related to the missed lesions. We found new le-
sions predominantly in the ascending, transverse and sigmoid 
colon at the 1-year follow-up. This can be explained by mor-
phology and anatomical structure with prominent folds lead-
ing to lower adenoma recognition.26
The rate of adenoma-free colon is affected mostly by polyps 
found in segments different from the initial colonoscopy. In 
addition, the substantial proportion of probable recurrence 
can be missed polyps. Combining them, the adenoma-free co-
lon was not achieved by missed polyps. Therefore, we thought 
the factors affected the rate of adenoma-free colon is not relat-
ed to the procedure itself. 
Factors related to the adenoma detection rate (ADR) include 
observation time,27 use of improved devices,28 bowel prepara-
tion,29 and years of endoscopic experience.30 In our study, we 
did not evaluate observation time or extent of bowel prepara-
tion. Regarding the devices used, all of the enrolled patients 
underwent colonoscopy using a magnifying colonoscope (CF-
H260Z or PCF-260AZI), which had the same field view of 140° 
without any cap attached to the tip. Therefore, the setting and 
devices used in this study are considered to be unified. 
In terms of endoscopic experience, our study revealed a sig-
nificantly lower rate of detection of new lesions at the 1-year 
follow-up when the initial colonoscopy was performed by an 
endoscopist with more than 5 years of experience. Similarly, 
Maratt et al.31 reported a lower ADR associated with a higher 
number of years since endoscopy training. On the other hand, 
Qayed et al.32 reported an increased ADR associated with more 
endoscopies performed during the training period. Our finding 
that experienced endoscopists had a higher ADR may be be-
cause the group of endoscopists with less than 5 years of expe-
rience included many who had examined fewer than 100 cases. 
This study has several limitations. Firstly, it was conducted 
at a single institution, and thus may be influenced by selection 
bias. However, the examinations were performed by endosco-
pists with more than 5 years of experience as well as those with 
less than 5 years of experience. Therefore, any bias between 
Table 2. Factors Affecting the Achievement of an Adenoma-Free Colon
Factors obtained at baseline colonoscopy
Univariate analysis Multivariate analysis
HR (95% CI) P-value HR (95% CI) P-value
Endoscopists’ years of experience (≤5/≥6 yr) 0.500 (0.249–1.000) 0.050 0.477 (0.228–0.996) 0.048a
Size of resected polyps (≤3/4–5 mm) 0.922 (0.474–1.790) 0.810 0.946 (0.465–1.930) 0.879
Patient age 0.509 (0.202–1.280) 0.153 0.589 (0.223-1.560) 0.287
No. of resected polyps (≤2/3–5) 0.233 (0.081–0.669) 0.006a 0.257 (0.228–0.879) 0.013a
Univariate and multivariate analyses were performed by logistic regression analysis. 
aStatistically significant results.
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endoscopists would be minimized. Secondly, we accumulat-
ed the patients prospectively, and only 76% of all patients could 
be followed up at 1 year. The presence of dropouts can be con-
sidered a limitation of this prospective study. We confirmed 
that there were no selection biases between patients with and 
without follow-up colonoscopy as shown in Supplementary 
Table 1. Thirdly, identification of the initial resection site at the 
time of follow-up was difficult and scar tissue formation was 
seen in only a few patients. We also used the distance between 
the location of the polyp and the anus to judge whether the 
new lesion is a residual lesion or not. Although the distance 
can be used as a reference, it is not an absolute indicator. In 
addition, we cannot rule out the possibility that there were re-
sidual lesions present that are too small to be observed by colo-
noscopy. Long-term follow-up may be needed. 
In conclusion, CFP using jumbo biopsy forceps was safe 
and showed a high one-bite resection rate for diminutive le-
sions measuring 3 mm or smaller. New lesions were, however, 
noted on follow-up colonoscopy in approximately 50% of pa-
tients, and the rate of new lesions was significantly higher es-
pecially in patients with 3 or more adenomas at initial colo-
noscopy or when trainee endoscopists with 5 years of experi-
ence or less performed the procedure. 
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Supplementary Table 1. Comparison of Clinical Backgrounds of Patients with and without Follow-up Colonoscopy
Patient characteristics With follow-up Without follow-up P-value
Sex (male/female)   101/64 36/17 0.473a
Age at baseline colonoscopy (yr) 69 (63–74) 67 (56–75) 0.354b
Antithrombotic therapy (yes/no)       26/139   6/47 0.568a
No. of adenomas (≤2/3–5) 139/26 44/9 1.000a
Values are presented median (interquartile range).
aChi-square test.
bMann-Whitney test.
See “Efficacy and safety of cold forceps polypectomy utilizing the jumbo cup: a prospective study” on page 265-272.
